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摘  要 
I 
摘  要 
β--淀粉样蛋白（Amyloid β，Aβ）在脑内的渐进性聚集和沉积在阿尔茨海默
病（Alzheimer’s disease，AD）的发病过程中起着至关重要的作用。Aβ 是由 β-
分泌酶（β-secretase）和 γ-分泌酶（γ-secretase）对 β-淀粉样前体蛋白（Amyloid-β 
Precursor Protein，APP）顺序剪切后产生的。这种剪切途径为 APP 的淀粉样蛋
白途径（amyloidogenic pathway）。此外，APP 还可以经历非淀粉样蛋白途径
（non-amyloidogenic pathway）。在此过程中，APP 首先由 α-分泌酶（α-secretase）
在 Aβ 中间切割，抑制 Aβ 产生，转而产生具有神经保护作用的 sAPPα。研究表
明，α-分泌酶主要在细胞膜上切割 APP，而 β-分泌酶主要在内含体和 Golgi/TGN
等酸性细胞器中发挥作用。因此，APP、α-分泌酶、β-分泌酶和 γ-分泌酶的亚细
胞定位对于 APP 的剪切加工和 Aβ的产生至关重要。 
Sorting Nexin（SNX）家族成员参与蛋白质在细胞内的转运调控。其中，
SNX15 含有一个 PX（Phox-homology）结构域和一个 MIT（Microtubule interacting 
and trafficking）结构域，但关于 SNX15 的具体生理功能尚不清楚。本文研究发
现，SNX15 在成年小鼠中枢神经系统中广泛表达，尤其是表达在神经元和星型
胶质细胞中。过表达或下调 SNX15 分别降低和增加 Aβ的产生，但不影响 APP、
α-分泌酶（ADAM10）、β-分泌酶（BACE1）和 γ-分泌酶组分（PS1-NTF 和 Nicastrin）
的蛋白水平和 mRNA 水平。此外，SNX15 不影响 γ-分泌酶介导的 APP-C99 和
Notch 切割活性，但可以影响 α-分泌酶和 β-分泌酶对 APP 的切割，从而改变
sAPPα、sAPPβ和 APP β-CTF 的蛋白水平。 
进一步研究发现，过表达或下调 SNX15 分别增加和降低 APP 在细胞膜表面
的水平。机制研究显示，在体外培养的哺乳动物细胞内，SNX15 不影响 APP 从
细胞膜的内吞和降解过程，但能够促进 APP 从细胞胞内再循环至细胞表面，增
加 APP 在细胞膜上的定位，从而使得 APP 与 BACE1 在细胞内的共定位减少，
终导致细胞膜上ADAM10对APP的蛋白水解作用加强，细胞内BACE1对APP
的蛋白水解作用减弱，增加 sAPPα 的分泌，降低 sAPPβ 的分泌和 Aβ 的产生。
但 SNX15 不与 APP 相互作用，也不依赖于其与 CHC（clathrin heavy chain 1）之
间的相互作用来改变 APP 的再循环运输和 Aβ的产生。 













摘  要 
II 
马中显著减少，而在皮层中也有下降趋势。立体定位注射携带人源 SNX15 的
AAV8（Adeno-associated virus serotype 8）到海马齿状回（dentate gyrus，DG），
发现小鼠海马中的可溶性 Aβ和 β-淀粉样斑水平显著降低，但 APP、ADAM10、
BACE1 和 Nicastrin 蛋白水平没有发生改变。动物行为学分析表明，在海马区过
表达 SNX15 能够提高 APPswe/PSEN1dE9 转基因小鼠的短期工作记忆。 
总之，本文的研究揭示了 SNX15 通过调节细胞内 APP 的内吞再循环，进而
影响 APP 的剪切加工及 Aβ的产生，丰富了 SNX15 在细胞内蛋白质内吞转运过



















The progressive aggregation and deposition of amyloid-beta (Amyloid-β, Aβ) 
peptide in the brain plays an important role in the pathogenesis of Alzheimer's disease 
(AD). Aβ is generated from the Amyloid-β precursor protein (APP) through 
sequential proteolytic cleavages by β-secretase (β-site APP cleaving enzyme 1, 
BACE1) and γ-secretase during the amyloidogenic pathway. Alternatively, APP can 
be subjected to a non-amyloidogenic processing, in which APP is cleaved by 
α-secretase within the Aβ sequence region, precluding Aβ generation and releasing the 
neuroprotective soluble sAPPα. Several studies suggest that APP is cleaved by 
α-secretase (mainly ADAM10) on the plasma membrane, whereas it is mainly cleaved 
by BACE1 in acidic organelles including endosome and Golgi/TGN. Therefore, 
dysregulated subcellular localization of APP, ADAM10, BACE1 and γ-secretase may 
alter APP processing and Aβ generation, leading to disease pathogenesis. 
SNX15, one of the sorting nexin（SNX）family members, contains a Phox- 
homology (PX) domain and a microtubule interacting and trafficking (MIT) domain, 
and participates in protein endocytosis and sorting. However, the detailed function of 
SNX15 in the cell remains largely elusive. In this study, we found that SNX15 is 
abundantly expressed in adult mouse central nervous system and especially in neurons 
and astrocytes. Importantly, overexpression and downregulation of SNX15 reduces 
and increases Aβ generation, respectively, whereas modulation of SNX15 level has no 
significant influence on protein and mRNA levels of APP, ADAM10, BACE1 and 
γ-secretase components (PS1-NTF and Nicastrin). In addition, although SNX15 does 
not affect γ-secretase-mediated cleavage of APP-C99 and Notch, it affects 
α-secretase- and β-secretase-mediated APP processing, resulting in changes in sAPPα, 
sAPPβ and APP β-CTF protein levels. 
We further found that, overexpression and downregulation of SNX15 can increase 
and reduce cell surface levels of APP, respectively. Mechanistic studies revealed that 
overexpression of SNX15 does not affect APP protein endocytosis, but accelerates the 
recycling of APP to the cell surface. Thus, APP proteolysis by ADAM10 in cell 
surface is promoted, accompanied with increased secretion of sAPPα, whereas 
intracellular colocalication between APP and BACE1 is decreased, accompanied with 
reduced sAPPβ secretion and APP β-CTF generation. However, we found no 















between SNX15 and clathrin heavy chain 1 (CHC) had no effect on Aβ generation. 
These results suggest that SNX15 regulates APP trafficking not through direct 
interacting with APP or through affecting clathrin-mediated APP trafficking. 
In addition, we found that SNX15 protein level is significantly reduced in APPswe/ 
PSEN1dE9 transgenic mouse hippocampus. When AAV8-SNX15 was stereotaxically 
injected into APPswe/PSEN1dE9 transgenic mouse hippocampal dentate gyrus, both 
soluble Aβ and β-amyloid plaque levels were significantly reduced, whereas APP, 
ADAM10, BACE1 and Nicastrin levels were not affected. Animal behavior analysis 
showed that SNX15 overexpression can promote short-term working memory in 
APPswe/PSEN1dE9 transgenic mice.  
  In summary, this research demonstrates that SNX15 regulates APP processing and 
Aβ generation through mediating the endocytic recycling of APP. Since 
overexpression of SNX15 may improve working memory in AD mice, SNX15 could 
be a potential target for disease treatment. 
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PtdIns(3,5)P2 Phosphatidylinositol (3,5)-bisphosphate 
PtdIns(4)P Phosphatidylinositol 4-phosphate 
PtdIns(4,5)P2 Phosphatidylinositol (4,5)-bisphosphate 
PtdIns(5)P Phosphatidylinositol 5-phosphate 
PtdInsPs phosphatidylinositol phosphates 
PX Phox homology 
RA Ras-association domain 
RGS Regulator of G-protein signalling 
RHGP Random Homozygous Gene Perturbation 
RhoGAP Rho GTPase-activating protein 
RNAi RNA Interference 
ROS Reactive oxygen species 
rRNA Ribosome RNA 
SAD Sporadic Alzheimer’s disease 
sAPPα Soluble amyloid precursor protein α 
sAPPβ Soluble amyloid precursor protein β 
SDS Sodium dodecyl sulfate 
SDS-PAGE Sodium dodecyl sulfate polyacrylamide gel electrophoresis 
SF Straight filament 
SH3 Src-homology 3 
SNXs Sorting nexins 
SP Senile Plaques 
SPR Surface plasmon resonance 













Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
